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1. TITLE OP THE INVENTION 

DIGITAL BROADCAST 
RECORDING/REPRODUCING APPARATUS 

2. FIELD OP THE INVENTION 

The present invention relates to a digital broadcast 
recording/reproducing apparatus, and more particularly, to a 
digital broadcast recording/reproducing apparatus for 

recording/reproducing digital broadcast signals transmitted in the 
form of MPEG-2 (Moving Picture Experts Group 2) compliant 
transport stream (hereinafter referred to TS). 

3. BACKGROUND OF THE INVENTION 

In rcecnt years, the digital broadcast which transmits digitally 
encoded signals has come into service. Under the circumstances, 
digital broadcast receivers for receiving and recording a 
digital -broadcast signal without converting the signal into analog 
forms has been developed. For evample, Japanese Laid-Open 
Patent Application Hei 10 28252 (hereinafter referred to as "252" 
patent) discloses a digital broadcast receiver capable of not only 
receiving but also recording/reproducing such a digital broadcast. 

Referring now to Fig. 16, the recording/reproducing operation 
of the w 252" patent will be briefly described. In Fig. 16, PID 
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indicates packet IDs. When only a program A contained in an 
antenna input MPEG TS (a), as shown in Pig. 16, is recorded, a 
recorded MPEG TS (b) is arranged in a form of partial TS, as 
shown in Fig. 16. Upon thiB conversion, a recorded PCE (program 
clock reference) value for providing a reference clock becomes 
out-of-time from an original PCH value. Therefore, the recorded 
MPEG TS fails to be reproduced without beiug adjusted. Then, in 
reproducing operation, the partial TS ia converted into a 
reproduced MPEG TS (c), as ahown in Fig. 16, by inserting a 
dummy data into the TS so as that the PCR value will be 
reproduced at a correct timing. 

However, in the recording/reproducing operation of the "252" 
patent, it does not mean that the reproduction hit rate is defined by 
the bit rate of the program to be recorded. Therefore, when 
reserving the reproduction bit rate, there is a problem that a too 
wide band is apt to be assigned at the time of reserving a 
reproduction bit rate. 

Moreover, in the recording/reproducing operation of the "252" 
patent, dummy data are inserted after that video and audio data 
packets have been completely transferred between neighboring PCR 
packet data at the time of reproduction. As a result, audio data 
reaches the STD buffer faster than its original timing. Then there 
ia a problem for a possibility of causing an overflow of the STD 

buffer. 
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A first object of the present invention is to provide a digital 
broadcast recording/reproducing apparatus which is able to 
determine the bit rate at the time of recording operation in 
accordance with the bit rate of the recorded video data and audio 
data, so that the bit rate at the time of reproducing operation i» 
reduced lower than the bit rate at the time of recording operation. 

A second object of tbe pre.spnt. invention is to provide a digital 
broadcast recording/reproducing apparatus which is able to avoid 
STi nverflow in an STB buffer by reproducing video data and audio 
data with null packets, while interposing the null packet among 
the video data and audio data in accordance wilb a ratio of picture 
bit rate and reproduction bit rate so that video and audio data 
packets are reproduced at times uIiuumL same times as those in 
recording operation. 

In order to achieve the first object, a digital broadcast 
recording/reproducing apparatus according to a first aspect of the 
present invention is provided with, a tuner for receiving a 
digital broadcast signal to output a predetermined TS, a recording 
signal generator for generating a partial TS by extracting packets 
associated with a prescribed broadcast program from the 
predetermined TS to deliver the partial TS tn a record medium, a 
recorder for recording the partial TS delivered from the recording 
signal generator on the record medium, a control table processor 
for creating a control table with an entry of a data amount of video 
signals and an entry of a time information, for every time that the 



recording signal generator provides the record medium with a 
prescribed reproducing unit of the video signal contained in the 
partial TS, a maximum bit rale calculator for calculating bit rake 
of the prescribed reproducing unit of the video signal from the. 
prescribed reproducing unit of the video signal and the time 
information at the time that the control table processor has 
created the control table, a signal processor for reproducing the 
partial TS from the record medium by setting the bit rate higher 
than the maximum bit rate by a proscribed value as a reproduction 
bit rate of the partial TS reproduced from the record medium, and 
a TS (TS) for depacketizing the partial TS provided from signal 
processor. 

In the digital broadcast rftcnrding/reproducing apparatus 
according to the second aspect of the present invention, the signal 
processor inserts a null packet into the partial TS according to the 
ratio of the reproduction bit rate and the prescribed reproducing 
unit of the video signal at the time of reproducing the prescribed 
program with a normal speed. 

In order to achieve the second object, a digital broadcast 
recording/reproducing apparatus according to a third aspect of the 
present invention is further provided with a free-running STC 
counter, and wherein the control table processor calculates a first 
difference value of the STC count value and a PCR (Program Clock 
Reference) value, for every time that the recording signal 
generator detects a packet containing the PCR value from the 
partial T9 of the prescribed program, and creates the time 
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information of the cuiHrul table from the sum of the STC count 
value and the first difference value, for pvary time that the 
recording signal generator provides the prescribed reproduction 
unit of the video signal to the record medium, and wherein the 
signal processor calculates a second difference value of the STC 
count value on the control table corresponding to the prescribed 
reproduction unit of the video signal and the STC count value of 
the STC counter, at the Lime that a head portion packet of the 
prescribed reproduction unit of the video signal reproduced from 
the record medium is provided to the TS decoder, and provides a 
data packet to the TS deodar as the head portion packet of the 
prescribed reproduction unit of the video signal when the STC 
count value on the control table corresponding to the prescribed 
reproduction unit of the video signal is not larger than the sum of 
the second difference value and the STC count value of the STC 
counter, and, when the STC count value is larger than the sum, tha 
signal processor provides the TS decoder with the partial TS as a 
null packet at the reproduction hit rate at the time of reproducing 
the prescribed program with the normal reproduction speed. 

In the digital broadcast recording/reproducing apparatus 
according to the fourth aspect of the present invention, the signal 
processor substitutes a PCT (Program Clock Reference) value with 
a sum of the STC count value of the STC counter and the apoond 
difference value, at the time that a packet containing the PGR 
value from the partial TS reproduced from the record medium. 

Moreover, in the digital broadcast recording/reproducing 
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apparatus according to the fifth aspect of the present invention, 
upon a fast-forward or faat-revArap trick play reproducing 
operation, the signal processor provides the TS decoder with a 
MPTSO-2 video signal contained in the partial TS reproduced from 
5 the record medium, by not only adding a packet having the STC 
count value on the control table corresponding to the prescribed 
reproducing unit as the PGR value before providing the prescribed 
reproducing unit of the video signal lu the TS decoder, but also 
setting a discontinuity indicator flag to the packet. 

10 Moreover, in the digital broadcast recording/reproducing 

apparatus according to the sixth aapeet of the present invention, 
the signal processor replaces the PCR value or a time-stamp value 
with the STC count value of the STC counter, when the PCR value 
or the time-stamp value has been detected. 

lb Moreover, the digital broadcast recording/reproducing 

apparatus according to the seventh aspect of the present invention, 
the prescribed reproducing unit is a GOP or a picture data at a 
coding unit of the video signal. 

Moreover, in the digital broadcast recording/reproducing 

2(1 apparatus according to the eighth aspect of the present invention, 
the signal processor detects at least one of a Payload Unit Start 
Indicator contained in the TS and a Random Access Indicator 
contained in an Adaptation Field, or at least one nf a Sequpnep. 
Header Code, a Group Start Code and a Picture Start Code 

25 contained in the video stream for detecting the prescribed 
reproduction unit of the video signal. 
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Moreover, in the digital broadcast recording/reproducing 
apparatus according to the ninth aspect of the present invention, 
at a time of reproducing accumulated T3s with a fixed bit rate, a 
maximum bit rate or a bit rate higher than the maximum hit rate 
5 by a prescribed value is reproduced by being set as a reproduction 
bit rate of the partial TS. 

Moreover, the digital broadcast recording/reproducing 
apparatus according to the tenth aspect of the present invention is 
provided with a depacketizer, and wherein, at a time of normal 
10 speed reproduction, the depacketizer provides data packets, while 
interposing null packets among the data packets in accordance 
with a ratio of the reproduction bit rate and the fixed bit rate. 

Moreover, in the digital broadcast recording/reproducing 
apparatus according to the eleventh aspect of the present 
15 invention, wherein, upon detection of packet containing a first 
PGR value after an initiation of normal reproduction, a difference 
value of the PCR value and a free-running STC count value is 
detected, and wherein, upon detection of packet containing 
following FCR, the PCR is replaced by a sum of the difference 
20 value and the STC count value. 

Additional objects and advantages of the present invention 
will be apparent to persons skilled in the art from a study of the 
following description and the accompanying drawings, which are 
hereby incorporated iu and constitute a part of this specification- 

25 
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A more complete appreciation of the present invention and 
xuany uf the attendant advantages thereof will be readily obtained 
as the same becomes better understood by reference to the 
5 following detailed description when considered in connection with 
the accompanying drawings, wherein: 

Fig. 1 is a block diagram showing a digital broadcast 
recording/reproducing: apparatus according Lo the present 
invention; 

10 Fig. 2 i» a flowchart for explaining a recording operation of 

the digital broadcast recording/reproducing apparatus according to 
the present invention; 

Fig. 3 is an exemplary control table; 

Fig- 4 is a drawing for explaining STC count value to be 
15 described on the control table at the time of recording operation; 

Fig. 5 is a flow "chart for explaining a normal reproducing 
operation of the digital broadcast recording/reproducing apparatus 
according to the present invention; 

Fig. 6 is a diagram for normally explaining the STC count 
20. value and the STC count value on the control table at the time of 
the normal speed reproducing operation; 

Fig. 7 is a diagram for explaining an operation of controlling 
output according to the ratio of the reproduction hit rate and the 
picture bit rate at the time of the normal speed reproducing 
9.5 operation: 

Fig. 8 is a diagram of the bit rate when reproducing TS of the 
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fixed bit rate by the fixed reproduction bit rate higher than it. 

Fig. 9 is a diagram for explaining a control of output in 
accordance with a ratio of reproduced signal bit rate a picture bit 
rate during a normal speed reproducing operation; 
5 Fig. 10 in a flow "chart for explaining the process at the time of 

the normal speed reproducing operation- 

Fig, 11 i© a flowchart showing a fast-forward and fast-reverse 
reproducing operations of the digital broadcast 
recording/reproducing apparatus according to the preeent 
10 invention, and which already shows return reproducing operation; 

Fig. 12 is a flow-chart showing another fast-forward and 
faal-re verse reproducing operations of the digital broadcast 
recording/reproducing apparatus according to th« present 
invention; 

lfi Fig. 13 is a drawing for explaining the operation of inserting 

the PGR packet in the embodiment, as shown in Fig* 11;. 

Fig. 14 is a drawing for showing transition of the STC count 
value on the stream of the case of the operation shown in Fig. 11 ; 
Fig. 15 is a drawing for showing transition of the STC count 
20 value on the stream of the case of the operation shown in Fig. 
and 

Fig. IK ifl a drawing for showing recording/reproducing 
operation of the conventional example. 

25 6. DESCRIPTION OF THE PREFERRED EMBODIMENTS 

9 
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The present invention will be described in detail with 
reference to the Figs. 1 through 15. 

Fig. 1 is a block diagram showing a digital broadcast 
recording/reproducing apparatus. 
5 In Pig. 1, an antenna terminal 100 receives a digital broadcast 

signal 150 through an antenna (not shown) and delivers the digital 
broadcast signal 150 to a tuner 101. 

The tuner 101 selects a desired channel and extracts a TS 151 
of the selected channel under the control of a control signal 157 
10 from a system controller 105, The TS 151 is then delivered to a 
TS depacketizer 111. HerA, thp tunar 101 usually names out an 
error correction on the TS 151. 

The TS depacketizer 111 is comprised of a 
recording/reproducing interface 102 and a TS decoder 103. 
15 The recording/reproducing interface 102 extracts only packets 

associated to a desired program, and records the partial TS on a 
record medium loaded in a recorder/reproducer 108 through a 
buffer memory 106. 

Moreover, the recording/reproducing interface 102 outputs the 
20 partial TS which output the TS 151 delivered from the tuner 101 to 
the TS decoder 103 as it was, or was read from the record medium 
loaded in the recorder/reproducer 108 to the TS decoder 103, 

The TS decoder 103 depaoketizes a video data and an audio 
data which are section data of the signal delivered from the 
25 recording/rfiprodunng interface 102. The depacketized video data 
153 and audio data 154 are respectively delivered to a video 
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decoder 104 and an audio decoder 107. The signals 152 output 
from the TS decoder 103 could be transmitted through an 
TEF/R1HH4 interface (not shown). The video decoder 104 and the 
audio decoder 107 decode the video signal and audio signal which 
were input, respectively, and delivers the decoded video and audio 
signals to an external equipment. 

Moreover, the TS decoder 103 delivers a PCR value to a second 
STC counter 110, and reproduces the clock signal of a sending area. 
And the cluck signal reproduced by the second STC counter 110 is 
delivered to the video decoder 104 and the audio decoder 107, and 
reproducing operation is accomplished, while synchronizing a video 
data and an audio data 

Referring now to Figs. 2, 3 and 4, a recording operation of the 
above -de scribed embodiment will be described in detail below. 

Fig. 2 is a flow-chart for explaining a first operation of the 
recordinK/reproducinK interface 102 for recording, according to the 
present invention. 

Firstly, in decision step 201, it is checked whether or not a 
packet data to be recorded exists in the TS 151- 

If a negative result "No 37 is obtained in the decision step 201, 
the process returns to the decision step 201. Moreover, if a 
positive result "Yes" is obtained in the decision step 201, the 
process advances to decision step 202 where it is checked whether 
or not a PCR value exists in the data packet to be recorded. 

If a negative result "No" is obtained in the decision step 202, 
the process advances to decision step 204, which will be described 
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later. 

If a positive result "Yes" is obtained in the decision step l AlVA 9 
the process advances tu execution step 203 where the interface 
toads out an STC count value of a free-running STC counter 109, 
5 as shown in Fig, 1, for calculating a difference value a 0 between 
the count value and the PGR value and for holding the difference 
value. Furthermore, a flag indicating that the difference a 0 has 
been held is set. The execution step 203 is repeated every time 
that a data packet including the PGR value arrives. 
10 The process then advances to the decision step 204. 

!'IT In the decision step 204 7 it is checked whethpr or not the flag 

|3 indicating that a difference value &0 haa been held exists, and 

I* also whether or not the picture header exists in a data packet to be 

-ft recorded- If a negative result "No" is obtained in the decision step 

15 204, the process advances to decision step 207, which will be 
described later. 

If a positive result "Yes >? is obtained in the decision step 204, 
the process advances to exectition step 205 wherein following thrp.A 
operations (l) to (3) are executed, 
20 (1) Operations of reading an STC count value from the first 

STC counter 109, adding the read STC count value with the held 
difference value a 0, and then recording the sum thereof to the 

control table as a corrected STC count value. 

(2) Operation uf holding a count of TS packet to be recorded in 
25 the buffer memory 1()H. 

(3) Operations of preparing STC count value and a count of 
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transfer packets as control table data. 

The preparation of the operation (H) can he named out in the 
recording/reproducing interface 102 or the system controller 105. 
The process then advances to execution step 206 where a 
5 transfer start flag is set at the time of starting transfer. 

The process then advances to the decision step 207 where it is 
checked whether or not a flag representing the transfer start 
position exists. If a negative result "No 77 is obtained in the 
decision step 207, the process returns to the decision step 201. If 
10 a positive result "Yes 77 is obtained in the decision step 207, the 
I* process advances to Pver>utinn step 21)8 where packet data are 

|3 transferred to the buffer memory 106 so as to start a recording 

H operation from the picture head portion after a PCR value has 

*□ been detected. The process then returns to the decision step 201 

15 for waiting a next packet data. 
fZ When a certain amount of packet data have been accumulated 

H in the buffer memory 100, the packet data are transmitted and 

p recorded on a record Tnediiim loaded in the recorder/reproducer 108 

from the buffer memory 106 under the control of the system 
21) controller 105. 

In an alternative recording operation, along with control table 
data are held in the buffer memory 106, the control table data can 
be recorded into a record medium loaded in th& 
recorder/reproducer 108 Or the buffer memory 10G is possible 
2ft also for storing in an another memory and an another card (not 
shown). 
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Moreover, what is necessary is to detect Payload Unit Start 
Indicator in a TS header, Random Access Indicator in an 
adaptation field, or either one of Sequence Header Code, Group 
Start. Code and Picture Start Code in a video data stream, in order 
5 to detect a picture head portion at the time of recording operation- 
Fig. 3 shows an exemplary control table. 

Control information is configured to be generated for sack of 
the I-piclures of the video signal, and it is made to describe the 
number of transfer packets, an STC count valnp, and a PTD value 

10 for the picture type further in the TYPE column. Moreover, it is 
good also considering the number of transfer packets as a transfer 
byte count on the control tabic. Moreover, the composition which 
records a service id value instead of a PID value is also considered. 
This STC count value is equivalent to the time information when 

15 reproducing. 

The maximum bit rate value records a maximum bit rat*» 
among the bit rates (i.e., bit rates for every picture) calculated 
from the transfer byte count value and the STC count value of each 
picture. Since VBR (variable bit rate) encoding also normally 

20 serves as the fixed bit rate per picture in a video signal, this* 
because bit rates should be calculated for each of the pictures. 

The relation of the STC count value of the first STC counter 
109 and the STC count value descrihpri tn tb« control table is 
shown in Fig. 4. 

2ft First, a PGR value is detected, and then a difference value a 0 

between the PCR value and the STC count value of the STC count 
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109 is calculated. 

Next, the STC count value o£ the first STC counter 109 at the 
titrtp of detecting a picture head portion and difference " by 
making into the STC count value on the control table the value 
5 which added the value ci 0, this STC count value is mostly 
recordable as an STC count value on a stream Next, when a PCR 
value is detected, a difference value cl 1 between the PCR value 
and the STC count value of the first STC counter 109 is calculated 
in the same manner as the calculation of the former difference 
10 value cy. 0, and then suhstituted by the difference value, 
=1 Only a desired program can be extracted and recorded by 

;r; repeating the above-described operation. 

[f[ Referring now to Pigs. 5 - 7, a reproducing operation of the 

D apparatus, as shown in Fig- 1, will be described in detail below. 

y 

15 The reprodxiction bit ratp ia designated by the system 

Z controller 105 to the recording/reproducing interface 102. What is 

y 

neeeaftary is just to aet up the reproduction bit rate value on the 

y 

3 control table, or a value with only a certain bigger value than it as 

this reproduction bit rate. Therefore, a value corresponding to 
20 the sum of the bit rate of tho video signal, the audio signal and the 
like at the time of recording operation can be set for the 
reproduction bit rate. It becomes unnecessary to aet up greatly 
too much the bit rate value reserved when following, for example, 
nutputting the output of the recording/reproducing interface 102 to 
25 IEEE1394. 

Fig, 5 is a flow-chart for explaining reproducing operation uf 
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the digital broadcast recording/reproducing apparatus according to 
the present invention performed in the recording/reproducing 
interface 102. 

When a reproducing operation is designated, packet data 
5 reproduced from the record medium loaded in the 
recorder/reproducer 108 is temporarily stored in the buffo? 4 memory 
106, and after that it is captured by the recording/reproducing 
interface 10*2 (step 501)- The captured packet data is transferred 
to the TS decoder 103, 
10 Next, the process advances to decision step 502 where it is 

checked whether or not the recording/reproducing interface 102 
has been directed to atari the reproducing operation by the system 
controller 105, 

If a negative result "No" is obtained in the decision step 502, 
15 the process advances to decision step ft04, which will be described 
later. Moreover, if a positive result "Yea" is obtained in the 
decision step 502. the process advances to execution step 503 
where the STC count value of the first STC counter 109 at the time 
of transferrins the first packet at the start of reproducing 
20 operation is held. Furthermore, a difference valup 3 between 
the STC count value and the STC count value in the control table 
is calculated and held 

Next, the process advances to the decision stop 504 where it is 
checked whether or not all the data packets in a picture were 
25 transferred. If a positive result "Yes" is obtained in the decision 
step 504, the process advances lu decision step 505 where it is 

16 
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checked whether or not the sum of the STC count value in the 
control tabic and the difference fi is larger than the next picture's 
STC count value. 

If a positive result *Yes* is obtained in the decision atap 505, 
t> the process advances to execution step 50G 7 the data-packet 
transfer to the TS decoder will be started, and the process 

returns to the execution step 501, If a negative result "No" is 
obtained in the decision step 505, since it does not yet reach the 
time for transmitting the picture, the process advances to 

10 execution step 507, where a null packet ia tranaferred to the TS 
decoder 103, and the process returns to the execution step 501. 

If a negative result *No* is obtained in the decision step 504, 
tne process advances to execution step BUH P and it will transmit to 
the TS decoder 103, while controlling the data packet in a picture 

15 from the reproduction bit rate and the picture bit rate, and will 
return to the execution step 501. 

The control of transferring the packet to the TS decoder 103 
will be described in detail later in reference to Fig. 7 

Moreover, in the recording/reproducing interface 102 when a 

20 packet containing PCR value (not shown) is detected in the TC 
packet from the buffer memory 106, the PCR value is replaced with 
a sum of the STC count value of the STC counter 109 and the 
difference j9 . Tho above operation is illustrated, as shown in Fig. 
6. The jitter in a PCR value can be reduced by doing in such a 

25 way. After replacing a PCR value, the packet ia delivered to the 
TS decoder 103. 
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Referring now to Fig, 7 5 the data iruuofer control of those 
other than a picture head portion wiil be described. 

Now a caae where the reproduction bit rate is 5.1 Mbps and 
the reproduction picture, hit rate is 3 Mbps will be discussed. In a 
5 principal control, when the picture bit rate is accumulated in the 
recording/reproducing interface 102 and then the accumulated 
value exceeds a reproduction bit rate value, a data packet is 
delivered to the TS decoder 103- 

First, a value of 0 hps is compared with the bit rate value of 
10 5,100 kbps in the recording/reproducing interface 102, Then 
based on the resulted relation *0 < 5 7 1U0", a null packet is 
delivered to the TS decoder 103. 

Nmrt, incrementing a value of 3,000 kbps and then based on 
the resulted relation "0 + 3,000 kbps < 5,100 kbps", another null 
15 packet is continuously delivered to the TS decoder 103. 

Next, still incrementing by 3,000 kbps and tben based on the 
resulted relation "3,000 + 3,000 > 5,100", a data packet A is 
delivered to the TS decoder 103. Here, also t.h« difference of the 
left and right side, i.e., ' 4 6,000 - 5,100 = 900" is held. 
20 Ne*t 7 incrementing a value of 3.000 kbps and then based on 

the resulted relation of iC 900 + 3,000 < 5,100", a null packet is 
transferred to the TS decoder 103, 

By repeating the above -de scribed operations, d»t« pnr.keta can 
be output in accordance with the ratio of the picture bit rate and 
25 tne reproduction bit rat.e_ 

Moreover, the data packet of a video data and an audio data 

18 
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can be output by the data rate almost equal to the time of record, 
and overflow of a STD buffer can be made to avoid. 

According to the above-described process, recorded data can be 
reproduced not at the bit rate of the TS at the time of recording 
b operation but at the bit rate of the TS of the recorded signal. 
Therefore, since the signal band is not blindly secured widely when 
outputting the output of the i-ecurding/reproducmg interface 102 to 
IEEE1394 7 the band to consume can be re chined. 

In this embodiment, the steps 504 to 507 could be omitted so 

10 as that the procpsa jumps from the execution step 503 directly to 
the execution step 508. That is, an alternative reproducing 
operation by only the transfer control, aa illustrated in the 
execution step 508, may also be configured, regardless of that 
whole packets in the picture has been transferred ur nuU 

15 Now, a time designated skip reproducing operation which 

continues reproduction by skipping a designated time will be 
described. 

When a skipping time is designated, the skipping time is 
converted to an STC count value in the system controller 105. 

20 Next, a sum of the converted STC count value and an STC 

count value corresponding to pictures currently under reproduction 
is calculated, and then an STU count value which ia mnst close to 
and not exceed the sum ia retrieved from the control table as the 
STC count, value of the target GOP head portion to be skipped- 

25 Next, a count of packets for skipping to a GOP head picture 

corresponding to the calculated STC count value is retrieved from 
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the control table. Next, under the control of the system controller 
105, a file pointer for the file recorded in the record medium loaded 
in the recorder/reproducer 108 is shifted by the storage capacity 
corresponding to the count of packets, and the data at the position 
5 to skip thereto is read out from the record medium loaded in the 
recorder/reproducer 108. The data of the skipped position are 
once stored in the buffer memory 106, and then delivered to the 
recording/rpproducing interface 102. Operations following the 
above operations are the same as those in the normal reproduction 
10 operation. 

According to the above operations, a skip reproduction which 
is correct in skipping time and fast in operation can be 
implemented. 

Referring now to Pigs. 1, 8 and 10, an operation for 
15 reproducing TSs at a fixed bit rate from the record medium loaded 
in the recorder/reproducer 108 will be described. 

Here. Fig. 8 is a drawing showing bit rates at the time of 
reproducing operation where TS are reproduced at a fixed bit rate 
higher than the fixed TS bit rate. 
20 Referring again to Fig. 1, the system controller 105 deftignatfta 

a reproduction bit rate to the recording/reproducing interface 102. 

The reproduction hit rate is just needed to be set to the fixed bit 
rate value of the accumulated TS or a value larger than the bit 
rate by a certain value. 
25 Here, a data transfer control will be described in reference to 

Fig. 9. 
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Now a ease where the reproduction hit rate is 5.1 Mbps and 
the TS bit rate is 3 Mbps will be discussed. 

Tn a principal control, when the fixed bit rate of the TS is 
accumulated and the then the accumulated value exceeds the 
5 reproduction bit rate value, a data packet is output. 

First, a value of 0 bps is compared with the bit rate value of 
5,100 kbps. Then based on the resulted relation "0 < 5,100'% a 
null packet ia transferred. 

Next, incrementing a value of 3,000 kbps and then based on 
10 the resulted relation "0 -t- 3 T 000 kbps <. 5,100 kbps", another null 
packet is continuously output* 

Next, incrementing the same value of 3,000 kbps and then 
based on the resulted relation tt 3 ? 000 + 3,000 > 5,100", still another 
null packet is continuously output. Ht?rt5, also the difference of 
15 the left and right side, i.e., "K,()OU - 5,10(1 = 900" is held. 

Next, incrementing a value of 3,000 kbps and then based on 
the resulted relation of "900 + 3,000 <• 5,100", a null packet is 
transferred. 

By repeating the above operation, the accumulated TSs can be 
20 transferred at a fixed bi rate. 

Here, Pig. 10 shows an alternative reproducing operation at 
the time of the normal speed reprodtJtcjjig operation. 

In Pig, 10, a packet ia first obtained from the bnffer memory 
106 in execution step 1001. 
25 Next, the process advances to decision step 1002 where it is 

checked whether or not the packet obtained from the buffer 
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memory 106 contains a FCK packet. When a first PCR packet 
after the start of reproducing operation is detected (decision step 
1003), in the execution step 1004 the recording/reproducing 
interface 102 holds the difference of the PCR value and the STC 
5 count value of the STC counter. Here, it may be configured to 
replace the difference with a sum of the difference and the STC 
count value of the STC counter when a subsequent PCR packet is 
detected. 

If a negative result *Nu* is obtained in the decision step 1002, 
10 the process advances to execution step 1006, and it will Transmit to 
=~ the TS decoder 103, while controlling the data packet in a picture 

from the reproduction bit rate and the picture bit rate, and will 

y 

f return to the execution step 1001. Moreover, if a positive result 

y 

Q "No" is obtained in the decision step 1003, the process advances to 

y 

15 execution step 1005, the STC count value of the first STC counter 
~ 109 will be read, and a PCR value will be replaced with the read 

STC count value. The jitter in a PCR value can be eliminated by- 
doing in such a way. The difference value may be substituted for 
every time that the PCR packet is detected, instead of substituting 
20 only once with the first detection. 

Referring now to Fi^s. 11, 13 and 14, a first example of 
high-speed fast-forward/fast-reverse trick piay reproducing 
operations at a desired speed will be described 

First, a fast-forward reproducing operation which is carried 
25 out by reading out only desired GOP data from the record medium 
loaded in the recorder/reproducer 108 will be described. 
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When a reproduction speed is designated, only GOP data 
associated with the designated reproduction speed are read out 
under the control of the system controller 105 from a record 
medium loaded in the recorder/reproducer 108, according to the 
5 TYPE and the count of transfer packets on the control table, shown 
in Fig. 3a. The read data are once stored in the buffer memory 
10G and then delivered to tho recording/reproducing interface 102. 

Referring now to Fitf. 11, the operation of the 
recording/reproducing interface 102 in the trick play reproducing 
10 operation will be described below- Fig. 11 is a flow-chart for 
!!!r explaining special reproducing operation of the digital broadcast 

*3 recording/reproducing apparatus according to the present 

I s * invention performed in the recording/reproducing interface 102. 

%p First, an operation of the recording/reproducing interface 102 

15 will be described in detail. In execution step 1101, a pa.uk.et is 
first obtained from the buffer memory 106. 

f.U 

H Next, the process advances to decision step 1102 where it is 

y 

p checked whether or not the packet obtained from the buffer 

memory 106 is a packet of a GOP head portion. If a negative 
20 result "No" is obtained in the decision step 1102, the process 
advances to execution step 1105 7 which will be described later. If 
a positive result "Yes" is obtained in the decision step 1102, the 
process advances to a waiting atpp 11 03 where the process waits 
for several frames period so as to avoid an overflow in the STD 
25 buffer of the video decoder. 

After waiting for several frame periods at the waiting stop 
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1103, the process advances to execution step 1104 where a packet 
containing a PCR value is inserted; before transferring the GQP 
head packet to the TS decoder 103. That is, as shown in Fig- 18, 
along with inserting PCR packet with a PCR value for the STC 
5 cuuul value just before transferring the GOP head portion data, a 
discontinuity indicator flag for indicating data discontinuity is set 
to the PCT packet. 

The data on the control table is used as the PCR value and the 
PID value which are contained in the PCR packet created by the 

10 recording/reproducing interface 102. The STC count value un the 
control table is because it corresponds to the time on a stream a® 
shown in Fig. 14. What is necessary ia just to insert the STC 
count value ST Cb on the control table at the Time B as a PCR 
value in Fig. 14, in continuing at the data packet of Time A and 

15 reading the data packet of Time B from a record medium loaded in 
the recorder/reproducer 108- 

Next, the process advances to Ihe execution step 1105, and it 
transmits to the TS decoder 103, while controlling the data packet 
in a picture from the reproduction bit rate and the picture bit rate, 

20 and returns to the execution step 1101. 

Consequently, after setting the timing which transmits a PCR 
packet and GOP data during several frame period at the waiting 
©top 1103 so that the STD buffer of a video decoder may not 
overflow as it is shown in Fig. 13, it transmits GOP data to the TS 

25 decoder 103. Furthermore, after setting during several framp 
period at the wailing alep 803 again, the following PCR packet and 
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the following GOP data are transferred to the TS decoder 103. 

It is because that, by doing in such a way, it becomes possible 
to decode without changing the time base of a stream for each uf 
the GOP data, and a video decoder and an audio decoder looking at 
b a time-stamp each time* 

In this example, although it is made to transmit all GOP data, 
only I-pictures in the OOP data may be transmitted instead of the 
GOP data. A fast-reverse operation can be also implemented 
according to a control as mentioned above. 
10 Referring now to Figs. 12 and 15, a second example uf 

high-speed faet-forward/faet-reverse reproducing operations will be 
described in detail below. 

How to read only desired GOP data from a record medium 
loaded in the recorder/reproducer 108 first, and carry out 
15 rapid -traverse reproduction will be described. 

The system controller 105 controls the recording/reproducing 
interface 102 to reads out only the GOP data associated for fl&3S of 
the TYPE and the number of transfer packets on the control table 
shown in Fig. 3 to a request Lo the buffer memory 106 from a 
20 record medium loaded in the recorder/reproducer 108. And the 
read data are input into the recording/reproducing interface 102 
from the buffer memory 

Referring now to Fig. 12, operation of the 

recording/reproducing interface 102 will be described in detail. 
25 First, a fast-reverse reproducing operation control of the 

recording/reproducing interface 102 will be described below. Fig, 



25 



qi-12-19 mu ssE-riurvB- m ffltoc-B2wt»- t-ub p. 27 u-bib 



12 is a flow chart of the digital broadcast rtscux ding/reproducing 
apparatus according to the present invention performed in the 
recording/reproducing interface 102 which already shows return 
reproducing operation. 
5 A packet is first obtained from the buffer memory 106 in 

pvetrution step 1201. 

Next, the process advances to decision stop 1202 where it is 
checked whether or not the packet obtained from the buffer 
memory 106 is a packet of a GOP head portion- If a negative 

10 result "No" is obtained in the decision step 1202, the process 
advances to execution step 1208., which will hf> described later. 
Moreover, if a positive result "Yes ?> is obtained in the decision step 
1202, the process advances to a waiting step 1203 where it is 
checked whether or not a GOP head packet exists. If then the 

IS GOP head packet is detected "Yes", the process advances to the 
waiting step 1203 where the process waits for several frame 
periods so as to avoid an overflow in the STD buffer of the video 
decoder. 

The operations heretofore are the same as those in Fig, 11. 

20 The process then advances to decision step 1204 where it is 

checked whether or not the PGR value exists in the packet which is 
obtained in the waiting step 1203. If a negative result kt Nu" is 
obtained in the decision step 1204, the process arfvanrps to the 
execution step 1208. Moreover, if a positive result "Yes" is 

25 obtained in the decision step 1204, the process advances to 
execution step 1205 y the STC count value of the first STC counter 
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109 will he read, and a PCR value will be replaced with the read 
STC count value. 

Next, the process advances to decision step 1206 where il is 
checked whether or not the time-stamp is contained in the data 
5 packet having a replaced PCR value. If a negative result "No" is 
obtained in the decision Atpp 1206, the process advances to the 
execution step 1208. Moreover, if a positive result "Yes" is 
obtained in the decision step 1206, the process advances to 
execution step 1207, the STC count value of the first STC counter 
10 109 will be read, and a time-stamp value will be replaced based on 
the read STC count value. 

However, what is necessary is to accept it 33 bits of Base 
portions in 42-bit STC count value, and juat to use it., sinne the 
accuracy of the time-stamp of PES (Packetized Elementary 
15 Strftam) of MPEG-2 is 33 bits. 

Next, the process advances to the execution step 1208, and it 
transmits to the TS decoder 103, while controlling the data packet 
in a picture from the reproduction bit rate and the picture bit rato 7 
and returns to the execution step 1201. 
20 A data packet is output after replacing a PCR value and a 

time-stamp as mentioned above. 

This replacing operation will be described still in detail in 
reference to Pig. 15. 

In Fie- 15, in continuing at the data packet of Time A and 
25 reading the data packet of Time B from a record medium loaded in 
the recorder/reproducer 108, it replaces the PCR value (PCR Bl) 
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read after this in the execution step 1205 with the STC count value 
(PCR-B2) read from the first STC counter 109. 

Therefore, it is made to reproduce a stream by making the 
STC count value of the first STC counter 109 into reference time at 
5 the Lime of reproduction as shown in Pig, 15. The control operation 
in the execution step 1208 by the reproduction bit rate and the 
picture bit rate is the same as the control operation in execution 
step 508 as shown in Fig. 5. 

According to the above rapid traverse and special 

10 reproduction of already return are realizable with the composition 
described above. 

According to the above-described process, recorded data can be 
reproduced not at the bit rate of the TS at the time of recording 
operation but at the bit rate of the TS of the recorded signal. 

15 Here, in order to make the output of the recording/reproducing 
interface 102 an MPEG-2 compliant stream, the 
recording/reproducing interface 102 may be configured to replace 
the Low Delay Mode contained in the Sequence Header Kxteneion 
in the MPEG~2 video data stream, the Broken Link contained in 

20 the GOP head portion, the Temporal Reference contained in the 
picture header, and the like. 

Moreover, although the recording/reproducing interface 102 is 
so configured that upon each completion of transferring I-picttire 
data a subsequent I-picture data ib transferred after a couple of 

25 frames of time, it is also configured that the transfer time nf the 
I-piclure is previously calculated and then a clearance time is 
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defined in accordance with, the pre -calculated transfer time. For 
example, if the transfer time of Ipicture is rather long, it is made 
to shorten thp clearance time, i.e., a latency time until the 
initiation time for transferring the subsequent I-picture. By 
ft doing in such a way, variation in video frames capable of 
displaying within a certain time can be reduced. 

As described above, the present invention can provide an 
extremely preferable digital broadcast recording/reproducing 
apparatus which is able to determine the bit rate at the time of 

10 recording operation in accordance, with the hit rate of the recorded 
video data and audio data, so that the bit rate at the time of 
reproducing operation is reduced lower than the bit rate at the 
time of recording operation. 

While there have been illustrated and described what are al 

15 present considered to be preferred embodiments of the presPTit 
invention, it will be understood by those skilled in the art that 
various changes and modifications may be made, and equivalents 
may be substituted for elements thereof without departing from 
the true scope of the present invention. In addition, many 

20 modifications may be made to adapt a particular situation or 
material to the Leaching uf the present invention without 
departing from the central scope thereof. Therefore, it is intended 
that the present invention not be limited to th.e particular 
embodiment disclosed as the best mode contemplated for carrying 

25 out the present invention, but that the present invention includes 
all embodiments falling within the scope of the appended claims. 
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The foregoing description and iht? drawings are regarded by 
the applicant as including a variety of individually inventive 
concepts, suuie uf which may lie partially or wholly outside the 
scope of srvmp or all of the following claims. The fact that the 
applicant has chosen at the time of filing of the present application 
to restrict the claimed scope of protection in accordance with the 
following claims is not to be taken as a disclaimer or alternative 
inventive concepts that are included in the contents uf the 
application and could bo defined by claims differing in scope from 
the following claims, which different claims may be adopted 
subsequently during prosecution, for example, for the purposes of a 
divisional application. 
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